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“Changing a large-scale test using computer-based testing”
Thank you, Ken. Today I’m going to give a talk entitled, ‘Changing Large Scale Tests 
Using Computer-based Testing’. Before my talk, I’d like to appreciate all the staff of this 
symposium for such a nice opportunity to talk. Now, what I will talk today is big data in 
education so the key words in this presentation are Common University Entrance 
Examinations which is known as Daigaku-Nyushi-Center-Shiken and tablet computer 
shown here and the statistics.
Main topic of this talk is that computer and statistical theory enables us to create new 
common university entrance examinations. This is the main topic of this talk. Japanese 
government, to be precise, Central Committee of Education is now trying to change 
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Japanese University Entrance Examination systems and this is a year ago, so the National 
Center Test, the Daigaku-Nyushi-Center-Shiken will be disappeared in near future.
In this talk, I will explain about the background of this discussion. In future, high school 
students may take tests as they do in these pictures. In these pictures, students are 
taking English test with speaking and writing, using the tablet computer.
Okay, now we start with the current university entrance examinations. Here I’m going 
to explain about the National Center Test, and the NCT is the only national common 
examination for students who apply for universities in Japan.
And many universities take the score of the Daigaku-Nyushi-Center-Shiken, NCT into 
consideration for administration. And some universities consider not only the score of the 
NCT but also their own examinations. So it’s two levels, Daigaku-Nyushi-Center-Shiken 
and individual examination, Kobetshu-Nyushi, so it’s two steps. Or some universities rely 
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only on the score of the National Center Test, like one step test. So, I have to say that the 
National Center Test is very important examination for the Japanese high school students 
who apply for the universities.
In the National Center Test, we employ question paper, and what we call Bubble 
answer sheet. In Japanese, this is Marksheet. And all the tests are based on multiple 
choice items so we have to select the number of the choices. So some criticize that the 
multiple choice item is not appropriate to measure the real knowledge, but I have to say, 
some against this opinion.
I, by myself, am against this, because it depends on the question so it’s not a problem of 
how we answer to this question, so it depends on the question so I’m against this, but 
many people are of course, in the government people criticize that the multiple choice 
item and Bubble answer sheet is not good to measure children’s knowledge, anyway.
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But from 2006, our National Center has started to introduce the IC player for the 
English listening test, as shown in this slide here. Because the number of students who 
take English listening test exceeds a half million, so we need to prepare enormous 
number of this IC player, it’s over half a million. Of course, some IC players do not work 
because of the initial failure. It’s approximately 100 IC players always don’t work for a 
year. This IC player is used for only English test and then we throw them away.
This table shows the subject areas and subjects of the NCT in 2014. The National 
Center Test is delivered in January, as you know, only once a year, 2 days’ examinations. 
Students need to take some of the subjects according to their first choice university’s 
requirement. For example, in the first day, students should take up to two forms from 
geography and history and civics.
And in the next session people should take Japanese language and in the last session of 
the first day, students should take one of these foreign languages; English, German, 
French, Chinese, Korean. I’m sorry no Polish, I’m afraid. In the second day, students 
should take one of–up to two forms of these in the science, and one from mathematics I 
and one from mathematics II. So students take about five subjects in 2 days’ 
examinations. So, this slide is the summary of the National Center Test.
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The NCT is very important for high school students. Some say, the National Center 
Test and University Entrance Examinations decide student’s life or future. The NCT is a 
very high stake test but delivered only once a year, and to 0.5 million students, so for us 
this is very hard work and which is tested by multiple choice items, and Bubble answer 
sheets and some criticize it, and we administrators cannot fail or make mistakes because 
otherwise they will be harshly accused in public like on the front page of newspaper, like 
this.
Okay, now let’s move to the statistics for the high school and the universities. The 
number of high schools is about 5,000 in Japan, and the number of students in one 
academic year is approximately 1 million, so totally there are 3 million high school 
students in Japan. In contrast, the number of universities is about 800, and the number of 
students who advance to university exceeds half a million, so approximately 53% of high 
school students proceed to universities.
11
12
〈62〉Big Data in Psychological Science and Related Disciplines
And this slide shows a transition in university entrance rate. In 1990, it was only 30%, 
so 30% of high school students go to universities. And in 2013, over 50% of high school 
students go to universities so – I’m sorry this blue bar represents the percentages that go 
to universities so the percentages increase year by year.
I think, between 2010 and 2013, the rate has not been increased, because I think this is 
the economic problem, the long Japanese economic recession is the reason I think. So, this 
is the transition in 18 years old population and the number of students who applied for 
the National Center Test. The blue line shows the number of applicants for the National 
Center Test, and this orange line shows the number of 18 years old children. The number 
of students who apply for NCT does not change but the number of children is decreasing.
This figure shows that the NCT user’s rate is increasing year by year. The blue line 
shows the number of NCT test takers divided by the number of applicants for the 
universities. So in 1990, the National Center Test had started. At that time only 35% of 
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students who applied for university took the National Center Test, whereas over 70% 
students take the National Center Test in 2013. This light blue bar shows the number of 
applicants for the National Center Test. And around here, because of the economic 
recession the number has been decreased.
In this figure, orange bar denotes the number of private universities, and this figure 
shows that the number of private universities which employ the National Center Test has 
been increasing. So, this is the main reason that the number of applicants for the National 
Center Test is increasing. This is the transition in the number of universities. As you see 
in these figures, the national universities and public universities do not change, but the 
number of private universities goes up since 1990. Now, it’s over 600 private universities 
in Japan. In total, there are 800 universities now; to be precise it’s 796 or something like 
that.
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Okay, let me summarize the situation of university entrance. Percentage of entering 
university has been increasing year by year, and percentage of applying the National 
Center Test has been increasing year by year. This is because the number of private 
universities is increased and also they have started using our National Center Test.
Here, I explain about three types of the examinations. The first one is called, General 
Entrance Examination which is known as Ippan-Nyushi in Japanese. This type decides 
based on the scores on subject-based test of the National Center Test and each 
university’s own examination. The second one called, Recommended Admission 
Examination which is referred to as Suisen-Nyushi in Japanese.
In this exam students do not take particular examinations, so high school headmasters 
recommend students based on their activity in their high school life like sports or art or 
something like that. And the last one is Admission Office Entrance Examination. This is 
the newest examination type but recently this is shrinking. The examination type judges 
based on essay and interview, in this examination, students do not take particular subject-
based testing. This figure shows proportion of examination type in 2014. In these figures, 
light blue area represents percentages of the General Entrance Examinations.
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As I mentioned earlier, General Entrance Examinations is the most common 
examination. However, in private universities, they tend to employ these Recommended 
Admission Examinations. They use less subject-based tests. It’s less than 50% and this 
type of university is increasing. This is the transition in proportion of entrance 
examination types. As I said, comparing to 2013, the proportion of using Recommended 
Admission Exam has been increased. This is because the private universities have been 
increased and they tend to use this type of examinations and these people do not take a 
subject-based test. 
So, this is the summary for the current university entrance examinations. Firstly, 
percentage of entering university has been increasing and the number of high school 
students who didn’t take academic achievement test to enter university has been 
increasing. Consequently, the standard of academic ability of university students is 
decreasing. The Japanese government thinks that this is the biggest issue. Nevertheless, 
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private universities tend to depend on our National Center Test in terms of testing 
academic achievement. So, it can be said that, our National Center Test became more and 
more important.
Limits of current examination systems are shown here. At first, more than half a 
million students take test at the same time, and this causes many troubles. Although the 
range of academic achievement of high school student is very wide, but the National 
Center Test prepares only one test form, so the National Center Test is too easy for some 
and too difficult for some others. And some criticize about the Bubble answer sheets so 
we have to change this. Also, is it okay that the examination of 2 days test decides 
student’s career? Also, the Japanese government wants to ask to conduct the National 
Center Tests for multiple times in a year.
Future plan for the National Common Examination is as shown here. So, Central 
23
24
専修大学 心理科学研究センター年報 第4号 2015年3月〈67〉
Council for Education is proposing that to outreach current initiative to stop using the 
National Center Test. Instead, we create new two national common examinations. The 
first one is called Common Standard Test, Basic Level, which aims to measure academic 
ability of high school students accurately.
So, for now, it is said that this test cannot be used for university entrance examinations. 
And the second one is Common Standard Test Advanced Level. And this can be 
considered as a replacement test of our National Center Test, and the difficulty of this 
new standard test is as difficult as current National Center Test. And they also say we 
have to conduct test multiple times in a year, and also we have to consider self-generated 
answer and computer-based testing.
Why they say that we have to prepare for computer-based testing is that they don’t 
like Bubble answer sheet, so I will be talking about tests using a computer. We, the 
National Center for University Entrance Examinations and Tokyo Institute of Technology 
are developing jointly, integrated testing systems.
Members of the teams are professors, Masao Murota, Shinichi Maekawa and Hisao 
Miyano and me. As a feature of testing system, internet network access is not required 
before and after administrating test. So, we don’t need to care about network troubles. 
What we need is students, and desks and chairs, and that’s all. Also, it enables us to use 
video and self-generated answer and voice recording.
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This is a functional layout of the testing systems which is named Terakoya. Tests are 
administrated by using tablet computer at university or high schools. Please note that 
they don’t need computer and internet network in universities or high school test places. 
We don’t need any internet access. These tablet computers are delivered from places 
named Local Operation Centers. Local Operation Centers are located in each prefectures 
In the Local Operation Centers, data are drawn from the tablet computers or tests are 
put into the tablet computers and delivered to test places.
This is a photo of my lab. There are over 100 tablet PCs in this room. We actually 
conducted English test with speaking and writing in this January, and now I’m going to 
show some sample English questions. Fortunately, we have enough time to do so I will 
make some demonstrations on please take English test.
We have to read these sentences, then, I have to put IDs here. The tablet computer 
asked to put the secret code and this is because high school students sometimes start 
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individually so I want to set the start time so the test manager tells the high school 
students which number should they put. And this secret number is 35, so testee, say, 
please put 35 to the secret code. Then, students press 35 then press start. This is a 
listening comprehension test using videos. When we test, students take an earphone and 
connect to the tablet computer.
[Video]
Female Speaker
It’s an ordinary village school in South Pakistan, wooden benches, a black board, girls 
eager to learn, but someone crucial is missing. Their teacher quit 8 months ago and 
authorities still haven’t appointed a new one, it’s one of the 7,000 so-called ghost schools 
where no classes are taught.
Male Speaker
Now the children come and they see there is nothing, no teacher, so they keep waiting 
for the teacher and nobody turns up, then they start playing. What else can they do?
Female Speaker
These abandoned schools are parts of a growing education crisis in Pakistan. According 
to the United Nations, over 5 million Pakistani children do not attend primary school.
These videos are provided by AFP for research purpose so we have the copyright 
marks here. The choices are shown after the first video session, but for now we can’t 
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answer to these questions because the second video will come so we have to check these 
options and listen to the video once more.
[Video]
Female Speaker
It’s an ordinary village school in South Pakistan, wooden benches, a black board, girls 
eager to learn, but someone crucial is missing. Their teacher quit 8 months ago and the 
authorities still haven’t appointed new one, it’s one of the 7,000 so-called ghost schools 
where no classes are taught.
Male Speaker
Now the children come and see there is nothing, no teacher, so they keep waiting for 
the teacher and nobody turns up, then they start playing. What else can they do?
Female Speaker
These abandoned schools are parts of a growing education crisis in Pakistan. According 
to the United Nations, over 5 million Pakistani children do not attend primary school.
Can someone answer to these questions? Because this is demo, so I pressed the pause 
button. In real test, we don’t have pause buttons because it’s cheating, so can anyone 
answer to these questions? No. I think it’s 3, but I’m not sure. Then press, decide. 
And the next one is speaking test. We have to read these sentences underlined in red. 
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In current National Center Test we just asked which is the most appropriate accent 
using the text which is not real so, in this test, students actually read sentences and the 
tablet computer records his or their voices and then after that we make scores to their 
responses. So we have to prepare within 30 seconds, so we have to wait, then the 
recording will start. Then, students read like. “It is great pleasure for me and so on...” 
The voices will be recorded in this tablet computer.
The next one is reading test. In this reading test, students should read long materials 
and should answer to these questions. In current National Center Test, because of the 
printing fees is very, very expensive, we cannot print like this and we cannot put many 
pages on the materials, but in actual situations, we read not only one page report but we 
read 10 or sometimes over 100 papers. So, what we ask here is to read more many 
English sentences and select which sentences are important or not.
The last one is the writing session. Here, we can start the video by pressing this 
button.
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[Video]
Male Speaker
We have you loud and clear.
Female Speaker
It’s an honor to be able to speak with you. Congratulations Commando Wakata on being 
the first Japanese commander of the space station and I’m glad that we follow each other 
on Twitter.
Female Speaker
The ISS is an incredible example of what people and nations can achieve by working 
together to benefit all humanity and no country alone could accomplish the engineering 
and scientific miracles that happen every day on the space station.
Male Speaker
Ambassador Kennedy, it’s quite an honor that you follow my tweet. International Space 
Station program is the program that is the most challenging and complex program in the 
international cooperation that humankind has ever attempted.
And in this place we have to summarize the conversations between Ambassador 
Kennedy and the government.
We can play many times but the main topic is writing so I have to write like this. Then 
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the text data will be stored in this tablet computer and after the test, we deliver to the 
Local Operation Center and draw all the data from the tablet and make scores to them. 
And also we have writing self-generate answer test so this is the questions for social 
science. I will read in Japanese.
資料1は，ある国（A国）のエネルギー政策について2012年前後に書かれたレポートの一部を
改変したものである。資料中では，3つの国がA国，B国，C国として名前が伏せられている。A
国は，このレポートが作成された時代に，なぜレポートにあるようなエネルギー政策をとってい
たのか？その理由を説明するために，【ア】には国名を，【イ】には20字内で文章を入れ，文章を
完成させなさい。ただし，【イ】には国名以外はすべて文章にある語を用いて回答すること。なお，
国名は略称でも構わない。「【ア（A国の名称）】は【イ（20文字以内）】ことが政策上重要であっ
たため」
And actually the answer is Poland…
ポーランドは，ロシアからエネルギー依存を脱却することが政策上重要であったため。
Is the correct answer and students should guess the country names based on these 
materials and reports. So, children should read these long sentences efficiently and 
understand what they want to say, and then fill these boxes.
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This can be achieved by only computer-based testing. So, what I want to say here is 
using computer makes test richer. Okay, let’s get back to the slide. Now, I move to 
statistical theory. In future, test is calculated based on statistical theory like this. It is said 
that the new National Test should be held multiple times in a year. However, test score 
depends on difficulty of each test, so it is difficult to conduct test multiple times in a year. 
For instance, if students of same academic level take same test, they would get low score 
on difficult test and high score on easy test. Therefore, it is unreasonable to compare test 
scores of different tests. So, that’s why we can’t do test multiple times in 1 year.
Therefore, to conduct multiple times, to do tests multiple times, we have to adjust the 
scores. So if the test should be held multiple times in 1 year, difficulty of this test should 
be adjusted to be same or adjusted test score that is considering difficulty of each test 
should be used so we have to select one of these. And, as I said, computer tablets for 
sure, so we use over 10,000 computers so it will be a panic, so we have to introduce Item 
Response Theory to solve these topics. 
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And IRT enables us to estimate students ability based on responses to items that they 
answered. IRT takes difficulty of items into account when estimating ability, whereas 
current test score system doesn’t. So, it is easy to understand if you compare it to an 
eyesight test. In an eyesight test, difficulty of item is defined by the size of stimulus. So, 
this stimulus is very easy because this is very big, and this stimulus is a slightly difficult 
question because this is relatively small, and this one, this is the smallest, so this is the 
most difficult question and the doctor asks, which direction does the stimulus face, and 
the patient should answer to these questions.
Let’s consider situations that I took two eyesight tests. In left side test, I am shown five 
items as shown here so, I was shown a smaller stimuli in left side. On the other side, in 
the right side eyesight test, I was shown big five stimuli, and these are my results. So, in 
current test score systems, we just count how many times I can answer correctly. So, this 
is only 2 out of 5 trials. And in the right hand test, I can answer correctly for 4, so it’s 4 out 
of 5 trials. So, if we compare these indices, this index, these scores, my eyesight has been 
changed but this is very strange because my eyesight didn’t change and if we look at this, 
I think my eyesight power is stable.
So, the current test score does not consider difficulty of items so this happens. If we 
employ the IRT scoring systems, IRT considers difficulty of items so IRT seeks 
appropriate levels of the eyesight based on responses and the difficulty of items. So, easily 
we can estimate the level of eyesight appropriately, so this is 0.6, so this is nice, but the 
current score system is not good because they don’t consider difficulty of items. So, Item 
Response Theory employs these systems, but in actual we don’t know how difficult item 
is so we have to do the so-called pretest, we have to estimate the difficulty of items, so it’s a 
big difference between the current NCT and the IRT systems.
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IRT can estimate a comparable score, even though difficulty of test differs. Thus, IRT 
enables fair examinations although each test is held in different times, and also it enables 
us to deliver examinations multiple times. This is very good. And if the new common test 
employs IRT, students can take tests anytime they want. Further, because scores 
between different difficulty tests can be compared, questions suited for students, student 
level can be provided.
For example, we can show difficult questions to good students, and we can show easy 
questions to the bad – not bad but low academic level students. And in case of computer 
accident, the student will get another chance for the replacement so they don’t suffer 
from disadvantages even made by computer troubles, so this is very fair.
Computer-based testing enables richer tests, and Item Response Theory, the statistical 
theory makes testing very flexible. So, the main topic is CBT, computer-based test 
managed by Item Response Theory will support new Common Standard Examinations. 
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Further, IRT and CBT can change education administrations. 
We will be able to obtain big data by storing the result of tests that students have 
taken multiple times in future.
And based on the data we are able to monitor changes in the academic ability of high 
school students. Now, Japanese government spends their money, for 1 year to monitor the 
children’s academic level, but if we employ this system, we don’t need – we need but we 
can replace the academic achievement test using this system, so I think it will be more 
cost effective.
Again, the New Common Entrance Examination may be supported by computer and 
statistics. Why I say maybe is because Japanese government has not decided to use these 
systems, so I’m not sure, but actually Central Council for Education has started discussing 
using the CBT managed IRT testing system so I’m not sure. So, these are references, and 
this brings me to the end of my presentation. Thank you for your attention. Thank you 
very much.
Kensuke Okada
Thank you very much, so any questions or comments? So, please.
Questioner
We are very much interested in these kinds of test reformation because our office is in 
universities. So, can I have a question? I think I really believe that this kind of stuff is the 
future to go, but Item Response Theory needs pre-data to standardize the item 
parameters, right. I mean to like evaluate the difficulties of each item and do you have 
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any ideas to how to evaluate the item parameters?
Tomoya Okubo
As I said we have to do pretest in order to estimate the difficulty of items before we 
use, and it is said, at least 300 respondents need one item to estimate the item difficulty 
parameter appropriately, and also we need to make so-called item bank which stores 
items, so many items. In my opinion we have to prepare for at least 20,000 items or 30,000 
items to run these systems. But in the common achievement test for medical course 
student is employing this system and they actually collect 10,000 items in 1 year, so I’m 
thinking if we can prepare for 5 years, then we can collect at least 20,000 items. So, what 
you said is the biggest issue if we start doing this stuff but I think it’s not impossible.
Questioner
Did they collect that kind of data from test examinee?
Tomoya Okubo
Yes, in the common achievement test for medical course student, about 320 items are 
presented in one test. In the test 80 items are not scored, they just are used for 
estimating item parameters.
Kensuke Okada
Thank you so much. Is there any other questions or comments? Please.
Questioner
Thank you very much for your brilliant presentations. My question is many universities 
are now not so lucrative so they want to have a subsidy from the ministry. For example, 
in Senshu University, many professors have to conduct lectures without breaking, so very 
strict rules may be entrenched, for example in Senshu University.
My question is what is the main purpose of your stance of changing the testing system, 
if you don’t launch the new test, Japanese Education will decline in terms of quality? And 
my second question is, you mentioned the number of students going to universities is 
increasing, but when it comes to career, much more students are applying, in terms of 
percentage, so comparatively speaking, is that correct, more Japanese are going to the 
universities, but comparatively speaking, the absence of the percentage is not so big, 
these are my questions.
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Tomoya Okubo
Thank you for the good questions. The first question is about, what’s the merit do you 
think of this stuff. My answer is that I have not decided to do this. The Japanese 
government has started discussing the changing university entrance examinations.
They say that we just measure simple recall powers, and not measuring thinking 
power. It is often said that PISA shock, which is referred to when Japanese children have 
low score in PISA, and the government is very shocked, so they decided to reform the 
National Center Test. 
The second one is compared to the other countries the increasing rate is not so high in 
Japan. In other countries, there are more rapidly increased university entrance rates so 
Japanese Ministry of Education Officer always says, it’s not high, 53 is not enough, we can 
put more. And also they are trying to raise the number of Ph.D. in Japan. Especially in 
Europe, the number of Ph.D. is more than Japan, in Germany, it’s more and more, so I 
think they will raise the rate of the university entrance. That’s why they have asked to 
build many private universities. So, am I answering to your questions?
Questioner
Yes, while we’re on this subject, Sophia University now going to, they serve English for 
academic purposes, what is your reaction, or how do you evaluate the Sophia’s approach or 
step? Is it a good future-oriented approach?
Tomoya Okubo
It’s a really big discussion. Another Council for Education is discussing this English test, 
so another council is discussing that, the National Center Test have to prepare for 
speaking and writing as well from near future.
This is because the National Center Test delivers only 75% is reading test and only 
25% is listening test, using the IC player, so they strongly ask us to do speaking, writing 
as well. But in my opinion, in Korea, in 2012, they introduced speaking and writing test, 
but they stopped using in 2 years because high school teacher cannot teach speaking and 
writing, so the high school teacher claimed against introducing the speaking and writing 
test, so it’s very difficult, but it’s still discussing.
Kensuke Okada
Alright, so there should be many other discussions but time is up, so let us thank 
Dr. Okubo again.
